high enough, the minimum film thickness will not appear at the outlet of the elastohydrodynamlc contact, but 1n the center of the contact. There the area of low film thickness will be much larger than the outlet area with low film thickness. Due to the large close contact area and the high pressure 1n this area, the heating and energy dissipation, 1f the oil film falls, 1s much more severe than 1t should be 1f the minimum film thickness were the same, but only occupying the side lobes and outlet part of the contact.
i
The change of solidification pressure with temperature 1s also Important for the lubricant film thickness but 1s even more Important for the power dissipation 1n the elastohydrodynamlc contact. If the temperature rise 1s 2 high enough that the oil behaves like a liquid, even 1n the central part of the contact, the friction forces will decrease and become lower than the limiting shear stress of the lubricant. In this paper two test apparatuses are described, one for measurement of the bulk modulus at low pressures and the other for measurement of the compression curves for high pressures up to 2.2 GPa for liquid lubricants. A physical model, built upon consideration of the atomic Interaction forces 1n the lubricants, describes the pressure-compression relationship, for all lubricants tested, using only two parameters. These parameters are the bulk modulus at zero pressure B Q and the pressure derivative of the bulk modulus at zero pressure (3B /dp) Q .
The high pressure chamber was also used to measure the change 1n solidification pressure with a change 1n temperature.
The High Pressure Chamber
A detailed description of the high pressure chamber can be found 1n
Ref. For the different fluids the values measured at 20 °C are given 1n Table I . The values of p and ap/at were measured using a precision scale and calibrated volumes.
Isothermal Volume Change of Lubricants With Pressure
V1net, Ferrante, Smith, and Rose (3) calculated the pressure as function of compression for 1on1c, metallic, covalent, and rare gas solids. Their equation of state gave the pressure and the bulk modulus B r _.
x as a function of the relative compression x = (v/v 0 )l/3
Here B 0 was the bulk modulus at zero pressure and 'dB (10) was a function of the pressure derivative of the bulk modulus at zero pressure.
These equations are valid for solids at Isothermal conditions without phase change.
As the Interatomic forces are similar 1n solids and liquids 1n compression, the equation of state for solids was applied as an approximation for the equation of state for liquid lubricants. If the lubricants behave 1n the same way as solids, the experimental points will fit the pressure deformation curve given by Eq. (8).
Lubricant molecules are normally large and complex and have different types of bondings. This 1s why eventually B and n could vary during the compression. The lubricants tested were known to convert from liquid to solid behavior within the pressure range tested. As the pressure range for the test apparatuses described earlier did not overlap, the connection between low pressure and high pressure behavior was done using curve fit techniques.
The pressure and bulk modulus equations were assumed to be applicable to lubricants and the constants 1n the pressure equation was determined by curve fitting of the measured data.
Compression Through the Solidification Boundary
For the liquid state the Eqs. (8) and (9) were used up to the solidification pressure. In the solid state the same types of equations were used, but the values of n, B , and x were changed.
Here, B was the bulk modulus for the solid state at zero pressure. It could not be directly measured, but 1t was calculated using the equation x , can be solved for by using the fact that the bulk modulus 1s the same at the solidification pressure for both the liquid and solid state.
x . 1s then a function of the solidification pressure p , the bulk modulus 6 , and the parameter n for the solid state. 
Using this expression for the relative volume, the pressure, and bulk modulus equations will be
for by least squares techniques using the measured values of p and x .
Results From Curvef1tt1ng of the Experimental Heaurements
As the values of B and n are different 1n the liquid and solid states for the lubricants, 1t 1s possible to find the solidification pressure for a lubricant using curveflttlng techniques. The solidification pressures found 1n this way, just by observing the change 1n curvature for the pressurevolume curve, are compared to the solidification pressures found by measuring the shear strength of the lubricants 1n Table II The compression experiments gave for the two temperatures 40 and 20 °C, 
